Studies were initiated to compare glucose and lipid metabolism in vitro in subcutaneous adipose tissue of mature sheep and cattle. Mean adipocyte volume was significantly less in subcutaneous adipose tissue of sheep than in adipose tissue from cattle. The presence of acetate and lactate in the incubation medium in creased total glucose utilization two-to three-fold in ovine adipose tissue, but had no effect on total glucose utilization in adipose tissue from cattle. Acetate provided 72-82 % of the acetyl units to lipogenesis, depending on species and substrate concen tration. There were no significant (P > 0.05) differences in the contribution of the pentose cycle to the provision of reducing equivalents to fatty acid biosynthesis, based on the incorporation of label from [3-3H]glucose into fatty acids. In ovine adipose tis sue, acetyl-CoA carboxylase appeared to be rate-limiting to lipogenesis, while in bo vine subcutaneous adipose tissue, the activity of fatty acid synthetase may have been the limiting step in lipogenesis. In addition, the low activity of ATP-citrate lyase, espe cially relative to aconitate hydratase, probably limited the conversion of lactate to fatty acids in ovine adipose tissue. It is unlikely that ATP-citrate lyase activity was rate-limiting to lipogenesis from lactate in bovine adipose tissue. The data indicate that extending the results obtained from adipose tissue from one species to lipid metabolism in ruminants in general may not be valid.
Investigations of lipogenesis or glucose metabolism in ruminant adipose tissues typi cally have involved the utilization of tissues from either sheep (1) (2) (3) (4) (5) or cattle (6) (7) (8) (9) (10) (11) (12) (13) (14) , but seldom both. While numerous metabolic similarities exist between ovine and bovine adipose tissues, enough conflicting results have been obtained to cast doubt on the wis dom of extending the results based on studies from one ruminant species to ruminants in general. Robertson et al. (2) determined that, at physiological concentrations of acetate, lactate and glucose, the contributions of lac tate and glucose to fatty acid biosynthesis in adipose tissue from adult sheep were only 3 and 2%, respectively. However, Smith and Grouse (11) demonstrated that, in bovine sub cutaneous tissue slices incubated with 5 mM acetate, lactate and glucose, the contribution of lactate to lipogenesis was 15-30%, depend ing on the age and diet of the cattle. Studies of glucose metabolism in ovine adipocytes indicated that the addition of acetate to in cubation media stimulated total glucose utili zation two-to three-fold (5) , yet the magni tude of glucose utilization by bovine adipose tissue slices was not affected by the presence of acetate (9) . Comparison of results obtained from different investigators is difficult in that differences in the experimental systems (adipocytes versus tissue slices) or substrate concentrations may have a significant impact on the interpretation of the results. A number of studies from this laboratory have dealt with the importance of fatty acid biosynthesis from lactate (6) (7) (8) 11 ) and the utilization of glucose (9, 12) in modulating overall lipid metabolism in ruminants. The current study was undertaken to establish whether the inconsistencies between results from this laboratory and others (2, 5, 9) were due to fundamental differences be tween sheep and cattle, or to differences in experimental techniques.
MATERIALS AND METHODS

Animals. Subcutaneous adipose tissue
samples were obtained at slaughter from mature Angus x Hereford crossbred steers and Columbia-and Suffolk-sired wether lambs (six animals per group). Animals were fed a high energy, ground corn/corn silage diet (11) Separation of lipid components. Reac tions were terminated after 3 h by injecting 0.5 ml l N H2SO4 into the medium. The col lection of UCO2 was as described previously (9) . Lipids were extracted from the adipose tissue slices by the method of Folch et al. (15) , modified as described by Smith (9) . The glyceride fatty acids were saponified by the method of Hood et al. (16) , by utilizing sodium methoxide. The recovery of 14Cfrom [U-14C]glucose in lactate was performed as described previously (9) .
Enzyme activities. Fresh samples of adi pose tissue were homogenized and centrifu gal fractions were prepared as described previously (7) . The soluble enzyme fraction was utilized to determine the activities of fatty acid synthetase (17) Total acetyl unit incorporation into fatty acids at both concentrations of substrates (1 mM or 10 mM acetate and lactate and 3 mM glucose) was significantly greater (P < 0.05) in adipose tissue from sheep than in tissue from steers (table 2) . Total acetyl unit incor poration is defined as the sum of the incor poration of acetyl units from U-14C-labeled acetate, lactate, and glucose into fatty acids (9) . Acetyl unit incorporation into fatty acids was significantly greater (P < 0.05; paired i-test) at 10 mM substrates than at 1 mM substrates. The contributions of each precursor to fatty acid synthesis also are listed in table 2. Under both incubation con ditions, glucose provided less, and lactate more, acetyl units to lipogenesis (P < 0.05) in adipose tissue from cattle relative to that from sheep when data were pooled across substrate concentrations. Acetate provided less, and glucose more, carbon to lipogenesis at 1 mM acetate and lactate than at 10 mM concentrations in ovine adipose tissue (P < 0.05; paired i-test). The same trend was noted in bovine adipose tissue, espe cially for glucose. The percentage contribu tion of lactate to fatty acid synthesis was un affected by substrate concentrations.
In ovine adipose tissue, total glucose utili zation increased significantly (P < 0.05; paired i-test) upon addition of acetate plus lactate to the incubation media (table 3) . Glucose utilization in bovine adipose tissue was unaffected by the presence of acetate and lactate. Total glucose utilization is de fined as the sum of the recovery of carbon from [U-14C]glucose in CO2, fatty acids, glyceride-glycerol, and lactate (9) . The re coveries of glucose carbon in each of these products, expressed as percentages of total glucose utilization (specific yields; 25), also are listed in table 3. The production of CO2 accounted for the major proportion of uti lized glucose. The presence of acetate and lactate in the incubation media resulted in a greater percentage of glucose carbon being recovered as CO2, and a lesser percentage in fatty acids in adipose tissue from both species.
The recovery of glucose carbon in lactate (table 3) was significantly greater in adipose 3Total C2 units calculated as sum of U-'4C-labeled glucose, lÃ¡clateand acetate incor poration into fatty acids. Lactate and glucose incorporation was corrected for loss of 14Cat pyruvate dehydrogenase. One mole of glucose was assumed to yield 2 mol C2 units.
Percentage contribution of each substrate to total acetyl unit incorporation into fatty acids.
'Indicates significance between species (P < 0.05) when data were pooled across substrate concentrations. S, significant; NS, not significant. Values within a column not shar ing a similar superscript are significantly different (P < 0.05).
tissue from cattle than in adipose tissue from sheep. Conversely, the percentage re covery of glucose carbon in fatty acids was significantly greater in adipose tissue from sheep than that from cattle, as was total glu cose utilization, when the data were pooled across substrate concentrations. There was a significant effect of media acetate and lactate on lactate yields at the higher substrate concentration (10 mM) in ovine adipose tis sue (P < 0.05).
As observed for total acetyl unit incorpo ration into fatty acids (table 2), the recovery of label from [3-3H] Percentage of total glucose utilization for each product. 'Indicates significance between species (P < 0.05) when data were pooled across substrate concentrations. S, significant; NS, not significant. Values within a column not sharing a similar superscript are significantly different (P < 0.05). x total C2 incorporated into fatty acids). 'Indicates significance between species (P < 0.05) when data were pooled across substrate concentrations. S, significant; NS, not significant. Values within a column not sharing similar superscripts are significantly different (P < 0.05).
6-phosphogluconate dehydrogenase, this in corporation can be used to calculate the per centage of reducing equivalents required for fatty acid synthesis that was supplied by the pentose cycle (table 4) (9, 26) . Although sig nificant species-related differences in the in corporation of label from [3-3H] glucose in fatty acids were observed, there were no sig nificant differences in the percentage con tribution of the pentose cycle to lipogenesis. The pentose cycle contributed a lesser per centage (P < 0.05; paired f-test) of the reducing equivalents to lipogenesis in the presence of 10 mM acetate and lactate than in the presence of 1 mM acetate and lactate in adipose tissue from both species (table 4) .
The activities of several lipogenic en zymes are listed in table 5. The activities of acetyl-CoA carboxylase, fatty acid synthetase, aconitate hydratase and 6-phosphoglu conate dehydrogenase were significantly greater in ovine adipose tissue than in bo vine adipose tissue (P < 0.05) (table 5) . Conversely, ATP-citrate lyase activity was greater in adipose tissue from steers. AcetylCoA carboxylase activity was greater than fatty acid synthetase, and ATP-citrate lyase activity greater than aconitate hydratase, in bovine adipose tissue (P < 0.05; paired ttest). The reverse was true for ovine adipose tissue.
DISCUSSION
Some of the most pronounced differences between ovine and bovine adipose tissues were related to glucose metabolism. Total glucose utilization by ovine adipose tissue was stimulated two-to threefold by the addition of acetate and lactate to the incubation me dia, reflected primarily in large increases in COa production. In bovine adipose tissue, acetate and lactate had no effect on the mag nitude of glucose utilization, although these lipogenic precursors did influence the over all pattern of glucose metabolism. These results corroborate the findings of Yang et al. (5) , in which isolated ovine adipocyte prepa rations were utilized, and Smith (9), who uti lized a bovine adipose tissue slice system iden tical to that used in the present study. The results indicate that discrepancies between the effects of lipogenic precursors on glucose utilization in ovine (5) and bovine (9, 12) adi pose tissues were based on species differences, and not differences in preparations.
The percentage contributions of glucose, lactate and acetate to lipogenesis observed in this study differed substantially from values reported by Robertson et al. (2) . Glucose and lactate provided substantially more acetyl units to fatty acid biosynthesis in ovine adi pose tissue than the 2-3 % reported previously (2), although the lower level of substrate con centrations utilized in this study was well within the physiological range for all three substrates. The differences between this study and Robertson et al. (2) do not alter the con clusion that acetate is the major precursor for lipogenesis in ruminant adipose tissues at physiological substrate concentrations.
The elevated CO2 production elicited by lipogenic precursors in ovine and bovine adi pose tissue was probably the result of in creased glucose carbon flux through the pentose cycle (9) . The pentose cycle provides a significant proportion of the reducing equivalents required for lipogenesis in ovine (5) and bovine (9) adipose tissues. It is appar ent that, based on the incorporation of label from [3-3H] glucose into fatty acids, the pen tose cycle provided the same percentage reducing equivalent to lipogenesis in adipose tissue from both species. The remainder of the NADPH required for lipogenesis was provided by NADP-malate dehydrogenase and NADP-isocitrate dehydrogenase.
The enzyme activities measured in this study suggested that NADP-isocitrate de hydrogenase may provide a greater percen tage of the NADPH for lipogenesis in ovine adipose tissue relative to bovine adipose tis sue. Although the activities of NADPisocitrate dehydrogenase were similar be tween species, aconitate hydratase activity was almost 20-fold greater in ovine adipose tissue. Aconitate hydratase competes with ATP-citrate lyase for citrate and supplies sub strate for NADP-isocitrate dehydrogenase. Previous studies from this laboratory demon strated that ATP-citrate lyase displayed two fold greater activity than aconitate hydratase in adipose tissue from mature cattle fed a high energy diet (7) . Similar results were observed in the present study; however, aconitate hydratase activity in ovine adipose tissue was nearly 60-fold greater than ATP-citrate lyase activity. These data suggest that a major proportion of the 40-50 % of the NADPH re quired for lipogenesis not provided by the pentose cycle was supplied by NADPisocitrate dehydrogenase in ovine adipose tissue.
Acetyl-CoA carboxylase activity was low er than fatty acid synthetase activity in ovine adipose tissue, supporting the concept that acetyl-CoA carboxylase is the ratelimiting enzyme for lipogenesis in ovine adi pose tissue. The greater activity of acetylCoA carboxylase relative to fatty acid synthetase in bovine adipose tissue suggests that the latter enzyme may be rate-limiting in adipose tissue from cattle. This is supported by the observation that the activity of fatty acid synthetase in bovine adipose tissue was only 20-30% greater than that required to support maximal rates of lipogenesis (10 mM acetate and lactate). Conversely, fatty acid synthetase activity was three-to six fold greater than that required to support maximal lipogenesis in ovine adipose tissue.
In summary, comparisons of glucose metabolism and fatty acid synthesis be tween the adipose tissues of sheep and cattle indicate substantial, although not complete, differences between glucose and lipid metabolism of these two ruminant species. These results indicate that caution should be exercised when extending data obtained from either species to ruminants in general.
